Tests for homogeneity Mercury poisoning
Dehydrogenation was conducted as per standard hydrogen evolution measurement conditions at a catalyst loading of 2 mol%. After 0.25 equivalents of expected hydrogen had evolved, an excess of elemental mercury (2000 eq relative to catalyst) was added. Catalysis continued, consistent with a homogeneous system, although only 0.9 equivalents of hydrogen were evolved and a small decrease in rate of catalysis was observed. Figure S6 . Time course plot for dehydrogenation of H3B·NMe2H [0.072 M, 298 K, 1,2-F2C6H4 solvent] using complex 1 (2 mol%) as measured by H2 evolution with the addition of 2000 eq. elemental mercury at 624 s.
PPh 3 fractional poisoning
Dehydrogenation was conducted as per standard hydrogen evolution measurement conditions at a catalyst loading of 2 mol%. After 0.25 equivalents of expected hydrogen had evolved, 0.2 equivalents (relative to catalyst) of PPh3 in 0.2 mL 1,2-F2C6H4 was added. A minor decrease in the rate of hydrogen evolution was observed, consistent with homogeneous catalysis. 
Calculation of maximum rates of dehydrogenation
For each data set of [H3B·NMe2H] vs. time, Python 3 was run through the anaconda software distribution to fit the kinetic data to a polynomial. 1 ,2 A 6 th order polynomial was determined by inspection to give the best fit around the point of maximum rate and fitted to the data using the SciPy packages. 3 Figure S9 . Maximum rate of catalysis versus [1] where starting [H3B·NMe2H] = 0.072 M as measured by H2 evolution. Figure S10 . Anion binding titration of [H2B(NMe2H)2][BAr F 4] (298 K, 30 mM, 1,2-F2C6H4) with H3B·NMe2H. Attempted 1:1 binding isotherm fit is indicated by line. Attempted calculation of corresponding association constant, using WinEQNMR2 4 monitoring the chemical shift data for the NH protons in [H2B(NMe2H)2][BAr F 4] , was unsuccessful due to large errors in fitting.
Maximum rate of catalysis versus [1]
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Anion binding titration of [H 2 B(NMe 2 H) 2 ][BArF 4 ] with H 3 B·NMe 2 H
Crystallography
Crystallographic data were collected (w-scans) on a Nonius Kappa-CCD with Mo-Kα radiation (λ = 0.71073 Å) for 2 and Oxford Diffraction/Agilent SuperNova diffractometer with Cu-Kα radiation (λ = 1.54184 Å) equipped with nitrogen gas Oxford Cryosystems Cryostream unit for 4. 5 Raw frame data were reduced using CrysAlisPro, including unit cell determination and refinement, integration of intensities and associated correction, or the DENZO-SMN package. 6 The structures were solved using direct methods with SIR92 7 for 2 and SHELXT 8 for 4; and then refined using full-matrix least squares refinement on all F 2 data using the CRYSTALS program suite 9,10 for 2, and SHELXL 8 using the interface GUI OLEX2 11 for 4. Some of the CF3 groups in the [BAr F 4] − anion refined to give highly prolate 12 displacement ellipsoids. For each structure a split site model was used and same distance restraints were applied to maintain a sensible geometry. Thermal similarity and vibrational restraints were also used to ensure the displacement ellipsoids behaved as expected. For 2, the hydrogen atoms were located in the difference Fourier maps and refined independently using soft restraints. 10 Hydrogen atoms were refined in this way at intervals following inclusion in the refinement using a riding model. For 4, the hydrogen atoms were set at geometric positions with exception of the hydride H atoms, which were located using the difference Fourier map, refined and the Rh-H bond lengths were restrained to refine similar lengths for the six independent molecules present in the asymmetric unit. In addition, 4 was refined as a 2component twin, rotated by -179.9 degree around 0.00 0.45 -0.89 (reciprocal space) or -0.05 0.71 -0.71 (direct space) and BASF refined to 0.4203 (7) . Selected crystallographic data are summarized in the text and full details are given in the supplementary deposited CIF files (CCDC 1917326 and 1917160 
Computed Cartesian Cooordinates (Å) and Energies (Hartrees) for all stationary points.
In the following SCF(Corr) refers to the SCF energy recomputed with the def2-tzvp basis sets including corrections for dispersion (BJD3) and solvation (2-hexanone 
